In this issue of Cancer Research, Wu and colleagues show that IL1b orchestrates tumor-promoting inflammation in breast cancer and can be targeted in patients using an IL1 receptor antagonist. Cancer Res; 78(18); 5200-2.
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See related article by Wu et al., p. 5243 The study reported in this issue of Cancer Research makes a significant contribution to the concept that inflammation in cancer is driven by IL1b and identified an "IL1 signature" in women with HER2-negative breast cancer (1) . The study represents several years of dedicated research on cancer by Palucka and colleagues. Although there are several advantages of knowing a transcriptional signature, including risk and prognosis, a real benefit is the exploitation of the signature to develop specific, targeted therapies. In the case of patients with cancer with IL1 signature genes, one could simply block IL1. In fact, this is exactly what the Wu and colleagues' study accomplished.
The study linked mechanistic preclinical and mouse experiments with transcriptional signatures from patients with HER2-negative breast cancer. In vitro, cocultures of human myeloid cells with breast cancer cells revealed that direct contact with tumor cells was necessary for caspase-1-dependent release of IL1b from myeloid cells. In addition, treatment with a naturally occurring IL1 receptor antagonist, anakinra, was found to be highly effective in reducing breast tumor growth in mice. At the peripheral blood transcriptional level, as well as the cytokine protein levels from primary breast cancer tissue, the authors identified IL1b rather than IL1a in breast cancer. Of 579 selected immune-related genes in the study, 288 were identified as differentially expressed genes (DEG) between healthy controls and the patients. Several IL1-related DEGs were abundant and consistent with an IL1 transcriptional signature in the patients. An IL1 transcriptional signature was also present in two large breast cancer databases and correlated with poor survival. In comparison, patients with systemic juvenile idiopathic arthritis, an IL1-mediated inflammatory disease, have a similar IL1 signature. Thus, an IL1-driven inflammatory signature is present in patients with breast cancer with a poor prognosis and in patients with noncancer systemic inflammation.
Of the many biologics now in use to treat autoimmune and autoinflammatory diseases, anakinra has an excellent safety record. In fact, due to its short half-life, anakinra is ideal for treating patients who are also receiving chemotherapy. There are three approved IL1-blocking biologics and several undergoing clinical trials. Of the approved IL1-blocking strategies, anakinra has been used for over 15 years to treat thousands of patients with an expanding number of systemic inflammatory diseases (2) . Anakinra is increasingly used as adjunct therapy to reduce the inflammation of metastatic cancer. A trial in metastatic colorectal cancer showed significant survival benefit when anakinra was added to standard-of-care chemotherapy for colorectal cancer (3) and patients with pancreatic cancer also benefit when anakinra is added to chemotherapy (4). Moreover, in these trials, the patients report improved quality-of-life scores with the use of anakinra.
There are two IL1 genes, IL1a and IL1b; both bind to the IL1 receptor type-1 (IL1R1) and initiate identical proinflammatory signals. Because anakinra blocks IL1R1, the activities of both IL1a and IL1b are prevented. A study using daily anakinra in combination with low-dose weekly dexamethasone in 47 patients with smoldering or indolent myeloma for over 10 years reported a significant increase (P < 0.001) in overall survival compared with historic controls and a subset of patients are still alive without advancing to full-blown multiple myeloma (5) .
On the basis of these and other preclinical data, anakinra was used to block IL1 in the pilot trial. Eleven women with metastatic HER2-negative breast cancer were treated with anakinra for a median duration of 4 months (11-179 days) in combination with one of the standard chemotherapeutics for breast cancer. The trial began with a 2-week run-in treatment of only anakinra, during which time gene expression in peripheral blood leukocytes was evaluated. After only two weeks of daily anakinra, gene expression for IL1b, IL1R1, IL1R2, and IL1R3 were decreased as well as IL1 signaling kinases MyD88 and SYK compared with baseline levels. The downregulation of IL1R3 is particularly relevant because IL1R3 is the coreceptor for IL1a, IL1b, IL33, IL36a, IL36b, and IL36g, all members of the IL1 family. A significant role for IL1 in the pathogenesis of acute myeloid leukemia has been known for decades and recent studies demonstrate that IL1R3 is a target for this leukemia. During the pilot trial, anakinra treatment at any timepoint also resulted in decreased expression of five members of the TollLike Receptor (TLR) family. In contrast to the suppression of the TLR and IL1b families by anakinra, increased expression of several natural killer cell and cytotoxic T-cell genes that favor immune-mediated tumor destruction was observed (1). The take home message from the comprehensive Wu and colleagues' study is the identification of high-risk HER2-negative patients who would benefit from reducing IL1b.
Are there other cancers that would benefit from reducing IL1? On the basis of clinical data using IL1 blocking therapeutics, an IL1 signature is likely in other cancers. In the case of smoldering myeloma, IL1b from the bone marrow plasma cells induces IL6, which is a growth factor for myeloma cells. Anakinra treatment suppresses IL1b-driven IL6 and accounts for the lack of progression to active myeloma (5). Canakinumab is an approved anti-IL1b neutralizing mAB, which significantly reduced the incidence of cancer, deaths from all cancers, and a 77% reduction in deaths from lung cancer (6) . These data come from the world-wide randomized, placebo controlled trial in 10,000 high-risk atherosclerotic patients treated with canakinumab to prevent a second myocardial infarction. Many patients were smokers. Although none of the patients had past or known cancer upon entry, some developed cancer during the trial while others had small, undetected malignancies, which developed during the 4 years of the trial. Because the trial was designed to reduce atherosclerosis, as soon as a cancer was detected, those patients were dropped from the trial and there was no further canakinumab treatment. Yet, despite receiving no further canakinumab, overall survival was greater in canakinumab-treated patients (6). The reduction in cancer incidence and deaths by solely neutralizing IL1b are impressive and are consistent with an IL1b signature also in lung cancer. In fact, a benefit in treating human cancer with IL1-blocking strategies was predicted (7) . There are many mechanisms by which IL1 promotes cancer progression including IL1 as a growth and proangiogenic factor, a suppressor of dendritic and immune cell function, and a promoter of metastasis (8) .
Although the Palucka trial focused on IL1b as a target for treating breast cancer, why block IL1b when you can block both IL1b and IL1a with anakinra? There is no dearth of preclinical data to support a role for IL1a in human cancer. Increased survival was reported in a randomized, placebo controlled trial of a neutralizing natural antibody to IL1a in patients with advanced, metastatic colorectal cancer (9) . The IL1a precursor is constitutively present in healthy breast cells, and several studies have identified polymorphisms in the IL1a promoter as risk factors in breast cancer. However, unlike IL1b, the IL1a precursor is biologically active either when expressed as an integral membrane protein or when released upon cell death. IL1a was present in the supernatants of 149 primary cultured breast cancer tissues stimulated with PMA and ionomycin (1). Using coculture of breast cancer cells with myeloid cells, membrane TGFb was identified as an inducer of the caspase-1-dependent secretion of IL1b. However, in my opinion, membrane IL1a in the cocultures was also inducing IL1b. Indeed, the breast cancer tumor microenvironment is comprised of IL1a expressing tumor cells and infiltrating myeloid-derived suppressor cells, which are the source of IL1b. In reducing IL1a and IL1b, anakinra will reduce the immunosuppression from myeloid-derived suppressor cells (8) . IL1a induction of IL1b is an example of autoinflammation and, as reported in the study, patients with autoinflammatory diseases exhibit the same IL1b signature as patients with breast cancer (1) . Myeloid cells in the tumor microenvironment are also a source of growth factors for tumors. For example, IL1a from breast cancer cells induce infiltrating myeloid cells to produce thymic stromal lymphopoietin (TSLP; ref. 10) and TSLP then contributes to the survival of the tumor cells by increasing Bcl-2 that restricts apoptosis in tumor cells. In that regard, compared with placebo-treated patients, anti-IL1a improved quality of life as well as increased survival (9) .
In the Palucka trial, following the 2-week run-in course of anakinra only at the approved dose of 100 mg subcutaneously each day, patients then continued the trial receiving the combination of anakinra plus one of the standard chemotherapy regimens for HER2-negative breast cancer. Because chemotherapy often results in bone marrow suppression and because IL1-blocking therapies can also suppresses peripheral neutrophils, the risk of infection increases with the combination. The daily subcutaneous anakinra has a short plasma halflife of less than 12 hours, although IL1R1 receptor occupancy is likely 24 hours. Nevertheless, a short half-life is a clear advantage because it allows the oncologist to stop anakinra therapy with the first indication of infection. This is not possible with long-lasting antibodies such as canakinumab. The combination of anakinra plus chemotherapy was not associated with any adverse events such as serious infection. Similar to the trial of anti-IL1a in patients with metastatic colorectal cancer (9), some patients with breast cancer reported reduced pain and increased quality of life on anakinra plus chemotherapy and in other studies, anakinra reduced the "sickness syndromes" of chemotherapy used to treat metastatic colorectal cancer but also increased overall survival (3). Three of the 11 patients in the Palucka trial are still alive (1) .
What else can we learn from the Wu and colleagues' study? Anakinra treatment accomplished a sustained reduction in expression of the IL1 signature inflammatory genes in the IL1 family but also in the TLR family and in inflammatory kinases. With the use of anti-CTLA-4, anti-PD-1, or anti-PD1 ligand as checkpoint inhibitors to reverse the immunosuppression of cancer, systemic inflammation, which can be lethal, is a drawback for these therapies. To increase the efficacy of checkpoint inhibitors, some trials add chemotherapy which increases the toxicity. Because anakinra is administered as an adjunct with chemotherapy (1, 3, 4) , can anakinra be considered a safe checkpoint inhibitor? The concept that IL1 blockade itself provides for checkpoint inhibition is supported by the canakinumab trial data (6) . The mechanisms that account for the reduction in cancer and cancer-related deaths in patients treated with canakinumab likely include increased immune-mediated tumor cell destruction. Why not add anakinra to checkpoint inhibitor therapeutics? Anakinra will reduce IL1-driven inflammation and IL1-driven immunosuppression, but also reduce the cytokine storm associated with checkpoint inhibitors. Cytokine release syndrome is a form of macrophage activation syndrome and anakinra is the standard of treatment for macrophage activation syndrome (2) .
